The ligature of the left renal vein is an alternative whenever this vessel is injured. The purpose of this study was to evaluate the capacity of the affluents of the left renal vein, proximal to the ligature, to maintain tissue vitality and function of the left kidney. Fifteen mongrel male dogs were divided in 3 groups of 5 dogs: Group I (control) -a laparotomy was performed, and the abdominal structures were only identified; Group II -the left renal vein was tied, close to vena cava; Group III -the same procedure as for Group II and a right nephrectomy. Blood urea nitrogen and serum creatinine levels were measured before the procedure, and every 3 days during 4 weeks in the postoperative period. Renal arteriography and an excretory urogram were performed on the animals that survived 60 days. Thereafter, or immediately after precocious death, the kidneys were removed for histological examination. All the animals of Group III died before two months (mean = 10.5 +-3.2 days), while the animals of Group II survived during that period. There was a complete exclusion of the left kidney in all dogs that underwent renal vein ligature. In the animals of Group II, the renal cortico-medullary limits could not be identified. At microscopy, the aspect was suggestive of nephrosclerosis. In the animals of Group III, the left kidney was enlarged, and a great amount of intravascular and intrapelvic blood clots were observed. At microscopy, extensive areas of necrosis, inflammatory infiltration, and hemorrhage were identified. In conclusion, the tributaries of the renal vein were not sufficient to maintain the tissue vitality and function of the left kidney after ligature of its main vein. The anatomical particularities of the renal veins permit a series of considerations when the veins are lesioned or obstructed. The left renal vein is longer than the right one, crosses the aorta anteriorly, and receives several tributaries during its course, such as the left gonadal vein, the ureteral vein, and the suprarenal vein. The left renal vein communicates with a variable number of lumbar veins and the retroaortic and prevertebral venous plexi, which may serve as possible collateral venous drainage pathways through the pericapsular path 1 . On the basis of these anatomical peculiarities, Whipple (1945 ), Teixeira (1967 ), Warren (1967 ), Erlik (1964 , and Lázaro da Silva and Petroianu (1992) proposed splenorenal, portorenal, and mesenterorenal shunts for the treatment of portal hypertension using left renal vein anastomosis with or without ligation 2-6 . These surgical techniques were based on the assumption that the collateral vessels of the renal vein are responsible for the drainage of the left kidney after ligation of its main vein. Siderys and Kilman have shown in dogs that left renal vein ligation was associated with high mortality (60%), but kidney function was found to be intact in the surviving dogs 7 . There are different causes for the interruption of renal blood flow, such as thrombosis of the vena cava or renal vein, trauma, ligation to facilitate access in abdominal aorta aneurysmectomy, and venous shunts 2, [8] [9] [10] [11] . The recommended treatment for left renal vein lesions in abdominal traumatism is primary suture. However, some authors recommend ligation when collateral circulation through the gonadal and left suprarenal veins is intact, despite postoperative complications 1, 9 . The objective of the present study was to determine 
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There are different causes for the interruption of renal blood flow, such as thrombosis of the vena cava or renal vein, trauma, ligation to facilitate access in abdominal aorta aneurysmectomy, and venous shunts 2, [8] [9] [10] [11] . The recommended treatment for left renal vein lesions in abdominal traumatism is primary suture. However, some authors recommend ligation when collateral circulation through the gonadal and left suprarenal veins is intact, despite postoperative complications 1, 9 . The objective of the present study was to determine the functional capacity of the left kidney after left renal vein ligation.
METHODS
Fifteen male mongrel dogs were randomly divided into 3 groups of 5 animals each: group I -control (laparotomy only) group II -left renal vein ligation group III -left renal vein ligation and right nephrectomy.
The dogs were anesthetized with an intravenous injection of pentobarbital (Thiopental®) at a dose of 10 mg/kg body weight, maintained under spontaneous respiration, and tied by the four limbs in dorsal decubitus to a surgical table for medium-sized animals. The surgical site was thoroughly disinfected with water, soap, and a 2% alcohol iodide solution. The abdomen was opened through a median incision between the xiphoid appendix and 6 cm below the umbilical scar, and the left renal vein and its tributaries were identified. In groups II and III, the left renal vein was ligated close to the vena cava with 3-0 silk sutures. Group III animals underwent the same procedure plus right nephrectomy by ligating the vascular pedicle and the ureter with 3-0 silk sutures. The muscle-aponeurosis layer was closed on a single plane with continuous 2-0 nylon sutures. The skin was closed with continuous intradermal 3-0 nylon sutures.
Plasma urea and creatinine concentrations were determined in the animals before and every 3 days after surgery. The animals that were still alive after a 60-day follow-up period underwent excretory urography and renal arteriography. These animals were then sacrificed, and their kidneys were removed and stained with hematoxylin and eosin for anatomopathological studies. The kidneys of dogs that died earlier were also analyzed histologically.
The results were compared by the Student's t-test, with the level of significance set at p < 0.05.
RESULTS
All control and group II animals presented good evolution during the 60 days of postoperative follow-up. Animals of group III died before the end of this period.
Group II animals showed complete exclusion of the left kidney upon postoperative excretory urography, while the right kidney presented normal vascularization and excretion (Fig. 1) . In this group, the arterial phase of arteriography was slightly delayed compared to controls, and no uptake of the contrast medium was observed in the venous phase. No variation in mean plasma urea or creatinine levels was observed after surgery for group I compared to the previous phase. Group II showed an increase in these levels during the first week, with subsequent normalization. A progressive increase in serum urea and creatinine levels was observed in group III animals until their death around the 10th postoperative day (10.5 ± 3.2 days) ( Table 1) .
Histologic examination did not reveal any noteworthy anomaly in group I. Group II animals showed diffuse interstitial fibrosis of the renal parenchyma accompanied by a reduction in cortical thickness and obliteration of its design, tubular atrophy, and edema. In group III, subtantial congestion with parenchymatous hemorrhage and diffuse glomerular necrosis was observed ( Fig. 2A and 2B) .
DISCUSSION
The present study showed important alterations in kidney morphology accompanied by functional loss after left renal vein ligation. Group III dogs with only the left kidney presented clear renal dysfunction as evidenced by the elevated urea and creatinine levels, leading to the death of all animals within a short period of time. These findings support the notion that the tributaries of the left renal vein are not sufficient to maintain blood drainage of the dog kidney. The maintenance of normal plasma urea and creatinine levels observed for group II may be attributed to the integrity of the function of the right kidney, since both arteriography and urography showed exclusion of the left kidney and perfect identification of the right kidney.
The present experimental findings disagree with those reported by Erlik who showed that it was possible to maintain left kidney function after ligation of the main vein in humans through its tributaries 5 . Experimental studies on right-nephrectomized rats also provided evidence that renal function is maintained after left renal vein ligation 17 . According to the literature, an acute reduction in kidney function is generally observed after left renal vein ligation, followed by gradual improvement in renal function 12 . The early death of the animals is attributed to this acute dysfunction. However, histological examination revealed diffuse fibrosis of the left renal parenchyma in group II animals on the 60 th postoperative day, a fact that is not compatible with functional recovery.
Despite the anatomical similarity of renal drainage between man and dog, which would make this animal a good experimental model 13 , particularities such as a higher number of collateral veins are observed in man, which may contribute to a better drainage of the left kidney distally to its tributaries after vein ligation. The safety of left renal vein ligation in man has been directly related to the well-developed collateral vein system. Alternative procedures may be autotransplantation of the kidney whose vein was lesioned or reconstruction of this structure 16 . We conclude that, in the dog, kidney function or viability is not maintained after left renal vein ligation, indicating that the tributaries of this vein are not able to satisfactorily drain the kidney after the sudden interruption of renal blood flow. However, it should be noted that the response of the kidney to venous occlusion depends on the time of its installation and extension and the developed collateral circulation, as well as on whether one or both kidneys are involved and whether underlying renal disease is present 13, 14 . Therefore, we believe it is more cautious to perform venous shunts permitting the adequate drainage of renal blood in situations where left renal vein ligation is required or in the presence of irreversible interruption of blood flow 15 . Nevertheless, it should be emphasized that left renal vein ligation in humans rarely compromises kidney function irreversibly in the short term due to the wealth of its tributaries 18 .
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